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STATIONARY DETONATION

éﬁhis 1s a translation of an articie written
y B. V. Voytsekhovskly in Doklady Akademil
Nauk USSR (Proceecdings of tiie Academy of
Sciences USSR), Vol. 129, No. 5, pages 1,254

- 1,256.7

(Presented by Academician M. A. Lavrentiyev
14 September 1959).

In connection with the grest velocity of propagation
of the detoratlon wave, which vcaches several kliometers
per second, 1t 1s customary to regard the phenomencn of de-
tonation as a wrillimicrosecond rrocoes,

If in a channel conditions were created under which
the original gas mixture would be cceniinuously fed in be-~
fore the front of the detoriation wave, the phenomenon
could be transformed into a staticnary-state process. A
model Instaliation dlegram, in which a stationary detonat-
ion was obtzlned, 1s represented in Fig. 1.

The front of the detongtion wave constantly spreads
in one direction along the circumference of the ring-shzped
channel 1. The orliginal gas niixture enters into the channel
in a radial direction through iz laner wall. The detonat-
ion prcducts are remnoved from the channel through the oppos-
ite wall. Tha photographing of %the detcnatZon in the ring
takes place thrcugh the glass, whi-h represents the upper
wall of the channel, After the {ront of the detonation
wave passes by one of the points on the ing, the consumed
mixture beglus lumediately te be pusnzd back by the oxlglnal
gas mixture teing fcd in. The uncrasumed gas occuples the
sector of the ring-nhaped wedze with the apex hehind the
front and the base colnciding with the same front, in the
case of a single-headed detonation. In *hz case cf several
fronts going in the same direction, a froat of the criglnal
mixture coming into the installaticn willl spread out behind
tha preceding one, The dlagram of disposition of fronwus 1n
the ring-shaped channel 1s represented in Fig. 2,

The initiation of the mixture in the ring-shaped
cnannel was carried out at one ¢f the pcints on the circum-
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mogded Dizgcen of inttallation
rar chgervevicn «f czationary
detonation, 1 ic the ring-
suaped chaann2l,

Diggram ol dispositicn of the
fronts of a stavionary detonat-
ioii. 1 - the original mixture,
2 - detonaticn vroducts,



ference synchronouvsly with the opening of the photorecorder.
After a full rotation of the fllm in the photorecorder, the
shutter was closed to avold a superposition of the photo-
graphs. If specilal adjustments are not made the detonation
wave spreads simultaneously in various directs from the
place of initiation,

The detonation waves collide on the opposite side of
the ring. A break of ths detonatlon wave through the feed-
ing nozzle into the reservolr filled with the original mix-
ture can then occur., The problen. of eliminating the pos-
81bility of reverse breaks presents considerable technical
difficulties, It is solived by seclecting speclally designed
feeding nozzles and by establishing the necessary regime of
pressure,

After the colllsion of two contrary detonation waves,
a multiplication of the number of the fronts takes place
over a certain period of time, and then a stable process
of frequent collisions between detonation waves sets in,

In order that a stationary ring detonation may be formed,

1t 1s necessary to ellminate cne of the fronts at the time

of initlation. This 1s done with comparative ease by es-
tablishlng an incomplete partition, However, a fixed parti-
tion dees not succeed always in gulding the Getonatlon pro-
cess in one dlrectlon. Sometimes the deteonatlion gets thiough
to the other side of the partition, and several fronts col-
liding with one another ere formed.

A completely stable spread cf the fronts in one di-
rectlon 1s obtained with the ald of a mechanlecal shutter,
which covers completely the entire crcss section of the
tube, The 1nitiation of the detonating mixture takes plece
near one of the walls of the shutter, Synchroniously with
the initiation the shutter starts to cpen the channel and,
at the time of the arrival of tre detonation front from the
reverse side, the secticn of the channel 1s completely oren.
The process of stationary detonatiocn was photographad on a
moving film with the aild of a photorecorder situated over
the disk neagr the flat glass (Fog. #1). The photorecorder
was installed in such a manner trat the optical axls of the
ohjectlve coinclded with the axis of the ring-shared chsnnel.
The imzge of the cisk was dispos:d laside of the limits of
the film, When the front of the detonaticn wave spreads
along the ring-shaped channel, its picture on the moving
film describes a cyclold, One of the photcrecords obtained
in this way 1s represented in Fig. 3.

A photorecord of detonation fronts spreading in
varions directions is gilven in Flg. 4. We can s=e on the
puctozraph a regular, periodic plcture of collisions of
detoaation waves,
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It 18 necessary to note that stationary detonations are, as
a rule, multi-headed, and that a solltary front can exlst
on the border of the detonation cnly.

We can observe filve fronts, which rctate in one di-
rection, on the photorecord shown in Flg,., 3. The nuudber
of fronts in multi-headed stationary detonatlon is estab-
lished at a maximum value and oscillates persistently
around a constant quantity. It 1s easy to understand this,
if we take into consideration that accldental ellmination
of one of the fronts increases the width and, thus, the
stablility of the remaining fronts. It 1s necessary to
remember that each front 1s the base of a wedge formed by
the original mixture, If the wldth of the front is &t 1ts
maximum, then, after gn accildental reduction ln the number
of fronts, the maxirium width is reached ahead of at least
one of the fronts, end thls causes the re-establishnent
of the original number of fronts., In the contrary case,
when the number of fronts lncreases over the constant
quantlty, weak, easily extinguishable fronts are formed,
the wildths ¢f which are lower tnan the maximum; this pro-
duces a decreace In the number of the fronts down tc the
stable quantity,

Multi-headed statlonary detonatlon thus rerrezents
a very stable process, insofar as the zlimiration of some
of thz heads causes an increagse in the stability of the
others,

' A complex interaction of the fronts of impact arlses
around each of the detonation fronts.

We can get a general idea of this by taking the
front AB in Fig, 2 as an example., The front butts its
flank B agalnst the feedlng nozzle. The second flank of
the detonation front, A, is not supprorted on the hard sur-
face, and 18 lengthened in the form of an lmpact front in
another medlum, namely, 1n gas, thiat has burned out as a
result of the passage of the preceding frcnt. Transverse
detonation waves, whilch are reflected by the hard wall at
the point B but which escape at the peint A into free space
and get lost, exterd bahind the inpact front AB.

The 1nteraction of transversz detonatinsn waves with
another medlum around the poelnt A is very complex, &nd can
be taken into account conly with great difficulty, The task
wlll be somewhat simplifiled if we consider the detonatlon
front AB as an infiniltely thin dilsrupticn of the gaseous
state, 1In this case Prandtl-Meyer flow takes place in the
detonatlion products which were formed behind the front AB.
It is behind the llne of rupture of the contact, which
sepzrates the detonatlion products from the gas previously
burned, that the gas compressed by the impact wave AD flows,
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Depending on the regime of the flow the front of this wave
can start at point A, or somewhat before it if the deflect-
ion angle of the flow of the consumed gus exceeds the criti-
cal one,.

The second flank D of the front of the impact wave
AD ends in all cases at the external wall of the ring-
shgped channel. It 1s necessary to note that the situatlon
with the impact fronts in consumed gas, as described above,
does not always occur but is observed only in cases when
the number of fronts is small., The wldth of each detonat-
ion fronts, when the channel 1s filled with a new gas mix-

ture during the rotation of one of the fronts, is 1 times
n

the width of the channel. In the case of a multi-headed
stationary detonation, when n reaches the value of 4.5,
the energy which 1ls liberated during the iletonation of a
narrow strip of fresh mixture, correspondlng to one detcnat-
lon front, 1s insufficlent to create an impact wave in the
entire cross section of the channel. In this case, a
sound wave spreads through the consumed gas; 1t 1s not ac-
companied by entropy losses and it transmits the energy

In the layeir wriere the fresh mlxture 1s located, with the
small veloclty of sound. After the mixture is consumed,
energy is liberated, which in 1its turn supports the scund
wave ln the products consumed before,

Thus, when there are a great number of detonation
fronts, they spread in the burned mixture with the wvelocity
of sound., This kind of detonation process does not fit
into the Chapman-Jouge system. A typical multi-hegded
staticnary detonation 1s chosen in Fig. 3. The measured
spreadlng veloclty of the stationary detonatlon was ecual
to 1.4 km/sec, i.e., the same ac the velocity of sound in
combustion products. If we tighten the conditions under
which the destonation takes place. for instaiice, by bring-
ing the composltion of the mixture 2lose to the limits of
detongtion, ar by narrowing the ring-shaped detonation chan-
nel, the number cf heads wlll decrease and thes veloclty of
the front will be close %tc normal, &s calculated according
to Chapman-Jouge.

Thus, the welcclty of a sitabicnary detongtion grows
wilth the worsening of the condltiorns governing lts ccurse
and i1t must fluctuate between the limlts of vy and 2v; =
Xj,twhere vy 1s the veloclty of sound in tie combustion pro-

ucts,

As tc the appearance of the flazme 1n statlonary de-
toasztion, it 1s necessary to note that its color is blus-
g»een, in contrast to yellow in the case of the normai com-
tustion flame,
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It is probable that the atoms of carbon do not have
time, as a result of instantaneous combustion. to recom-
bine 1nto large groups, and thls fact causes a fuller com-
bustlion of the detonation mixture, The course of the sta%-
lonary detonation is accompanied by the emission of a mouo-
tonous sound of frequency nf, where n is the number of
fronts and £ 1s the frquency of rotation of each front,.

In conclusion, the author considers 1t his duty to
express hilis gratitude to academician M., A. Lavrent'ev for
his interest in the present study.

The experiments were carried out by V., Tatarchuk
and M, Tatarchuk,

Institute of Hydrodynamics of the Siberian branch
of the Academy of Sclences USSR.
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